Purpose To provide an overview of PCORI's approach to engagement in research. Methods The Patient-Centered Outcomes Research Institute (PCORI) was established in 2010 to fund patientcentered comparative effectiveness research. Requirements for research funding from PCORI include meaningful engagement of patients and other stakeholders in the research. PCORI's approach to engagement in research is guided by a conceptual model of patient-centered outcomes research (PCOR), that provides a structure for understanding engagement in research. Results To understand and improve engagement in research PCORI is learning from awardees and other stakeholders. Those efforts are described along with PCORI's capacity building and guidance to awardees via the Engagement Rubric. PCORI's unique model of engaging patients and other stakeholders in merit review of funding applications is also described. Additional support for learning about engagement in research is provided through specific research funding and through PCORI's major infrastructure initiative, PCORnet.
Introduction
The Patient-Centered Outcomes Research Institute (PCO-RI) was established as part of the Patient Protection and Affordable Care Act (2010) to fund patient-centered comparative effectiveness research (CER). PCORI requires that the research it funds addresses questions that are important to patients and other stakeholders and measures outcomes that patients and other stakeholders find meaningful. PCORI funding also requires that patients and other stakeholders be actively engaged in the conduct of the research.
In the USA, a substantial and robust research literature based on community-based participatory research (CBPR) models has grown over the last two decades [1, 2] and indicates positive impacts of CBPR. Federal health agencies are also supporting patient engagement in research. The Agency for Healthcare Research and Quality engages patients in the identification of research topics, questions, and outcomes [3] . The National Institutes of Health has a history of working with patients and advocacy organizations to set research priorities [4] . In the United Kingdom, patient involvement in research agenda setting and research activities are increasingly prominent [5] . PCORI's requirement for patient and other stakeholder engagement in research (referenced here as ''patient engagement'') and the legislative mandate to fund new research have injected substantial energy into engaged research in the USA.
Below we present PCORI's conceptual model for patient-centered outcomes research. We then summarize PCORI's funding requirements involving engagement of patients and other stakeholders in research, and review efforts to understand engagement in research among awardees and among patients and clinicians. We outline PCORI's additional activities related to patient engagement in research: inclusion of stakeholders in merit review, data collection from awardees about engagement experiences; and development of the Engagement Rubric that guides engagement at PCORI. Finally, we outline specific funding efforts designed to enhance not just the practice of engagement in research but also understanding of the impact of engagement in research on production of evidence and subsequent uptake of research results. Together these pieces provide the current PCORI view of patient engagement in research along with learnings to date.
The role of engagement in achieving patientcenteredness in research
For PCORI, ensuring patient-centeredness in research is required in research it funds, and in PCORI's view, necessitates some form of engagement with patients [6, 7] . The PCORI Methodology Standards include the following: Engage people representing the population of interest and other relevant stakeholders in ways that are appropriate and necessary in a given research context (http://www.pcori. org/assets/2013/11/PCORI-Methodology-Report-Appendix-A.pdf). Stakeholders who are the intended end users of research results are expected to participate in the research which can include designing the study, selecting measures, enhancing subject recruitment, interpreting findings, and/or disseminating study findings. Engagement is not an end unto itself and is only one of several strategies for assuring that research, and its results are patient-centered, relevant to the intended users of the research findings, and that the findings can be effectively disseminated. Engagement can take many different forms. The ways in which research partners are engaged may vary by phase of the research, as may the number and type of specific partners who join research projects. For PCORI requirements engagement must meet the goal of active incorporation of perspectives beyond those of the researchers, to inform decisions about research questions, study design, measures used, practical aspects of study implementation particularly related to recruitment and data collection, data interpretation, and/or dissemination of results.
Conceptual model for patient-centered outcomes research
The conceptual model presented here identifies PCOR concepts and relationships between them and describes the role of engagement in research in PCOR. This model is intended to provide the basis for subsequent evaluative frameworks, to guide evaluation of PCOR, and to serve as a foundation for measurement models, to allow testing of hypothesized relationships between elements in the model.
In formulating the model, we consulted the literature on CER, patient-centeredness, and patient engagement in research [8] [9] [10] [11] [12] [13] [14] [15] and we worked with members of the PCORI Patient Engagement Advisory Panel on the range of concepts covered by the conceptual model and the relationships between them. This model has roots in CBPR, in early definitions of outcomes research [16] , and in the tenets of patient-reported outcomes assessment [17, 18] . See the Fig 1. The model is organized around three concepts: (1) foundational elements required for PCOR; (2) actions or behaviors involved in conducting PCOR; and (3) outcomes the results of actions using the foundational elements. Principles provide the ethical backdrop for PCOR. The extent to which research teams demonstrate the principles can be operationalized and measured. Their presence in this model is based on the premise that these principles must be demonstrated for the research to be PCOR. The extent to which research partnerships embody the principles can be positively and negatively impacted by the concepts in the model; that is, some principles like trust may be increased over time through positive experiences during the research process.
The six foundational elements in the model are divided into ''internal'' and ''external'' elements. The first three internal elements start with awareness of PCOR principles and methods. Patient-centered outcomes research partners are expected to be motivated by specific reasons, which requires knowledge of aspects of PCOR-what it is, why it is a worthwhile model of research to pursue, and how obtain and use patient perspectives. Research team members participating in PCOR must also value the patient perspective in research and believe there are benefits, whether ethical or practical or both, to capturing and using the patient perspective in research. A positive interest in PCOR is called out separately since awareness of PCOR practices and value for the patient perspective do not necessarily result in an interest in pursuing PCOR models of research.
Against these three internal factors are three external foundational elements. First, there must be a means for patients and researchers to communicate as research partners. These ''channels'' for interaction can be direct faceto-face meetings, email and online sharing, or other more structured forums for permitting these discussions to happen. There must be means to support that engagement, noted here as resources and infrastructure, including financial resources to ensure appropriate involvement of target communities in the research, and organizational structures to facilitate the conduct of PCOR. Finally, there must be permissive or at a minimum, non-obstructive organizational policies and governance which enable the implementation of the foundational elements.
Action elements represent engagement in research. They are (1) research partnership formation and maintenance between researchers and stakeholders; (2) multi-directional cross-communication rather than uni-directional communication, among all research stakeholders: patients, researchers, and other stakeholders; (3) the collection and use of the patient perspective across phases of research (e.g., hypothesis generation, study design, selection of outcomes, data analysis, dissemination); (4) checks for ongoing meaningfulness of partner influence on research, for example evidence that influence of patient and other stakeholder partners is present, and influence on the research extends beyond scientist members of the research team; and (5) training for partnering in research to enable both researchers and stakeholder partners to understand their roles and to have the knowledge necessary to fulfill those roles; and (6) sharing and use of learnings throughout the research process.
The outcomes of PCOR are organized into near-term, intermediate, and longer-term outcomes, as each of these types of outcomes are qualitatively distinct. The ultimate goal of PCOR is optimized health outcomes. Outcomes are hypothesized to feed back, both positively and negatively, to actions and foundational elements.
In the near term, hypothesized outcomes include (1) a culture accepting of PCOR along with (2) partnerships that are effective, in which partners can identify positive influence of each partner type. Following realization of near-term outcomes, PCOR should result in (1) research relevant to patients/other stakeholders; (2) improved use of research results in health decisions by all users; (3) improved quality of health decisions-enhanced by the research; and (4) improved satisfaction with health care experiences.
As described above the model includes principles for PCOR: trust, honesty, co-learning, transparency, reciprocal relationships, partnership, and respect [8, 11] . While additional principles for patient-centeredness in research have been suggested [9, 11] , we limited the conceptual model principles here to those we thought are necessary to success of PCOR work. Using this model as the basis, future empirical research is needed on how to operationalize the principles, whether all principles are required for successful PCOR, and whether additional principles emerge as elements of successful PCOR.
The concept of engaged clinical research promoted by PCORI has many similarities with the concept of CBPR, with some key differences. CBPR has been defined as ''a collaborative research approach that is designed to ensure and establish structures for participation by communities affected by the issue being studied, representatives of organizations, and researchers in all aspects of the research process to improve health and well-being through taking action, including social change,'' [1, p. 25] . Like CBPR, PCOR is defined in part by active involvement of relevant community members beyond researchers. However, the PCORI definition of PCOR emphasizes importance of questions and outcomes to patients and informing health care decisions (see outcomes in model), an emphasis not found within all CBPR models. Also, although both CBPR and PCOR involve a ''collaborative research approach,'' the active social change orientation is not a requirement of PCOR.
The PCOR model shares valuing of the patient perspective with the PRO research of the last two decades [e.g., 17]. Capturing the patient voice is fundamental to PCOR as it is to both CBPR and PRO research. In contrast to PRO research, PCOR requires not just capture of patient voice with patients as research subjects, but inclusion of patient direction in the actual planning and conduct of the research. Both PRO research and PCOR address what is important to the patient, and subsequent questions and research actions derive from the patient view. PCOR adds to this the capture of patient and other stakeholder input on how the research is conducted, a dimension not represented in PRO research. The influence of patients not just on content but on methods used to collect information, strategies for subject recruitment, and strategies for dissemination expands the PCOR model well beyond methods of PRO research.
Learning about engagement in research from stakeholders PCORI is collecting information about research engagement and CER in multiple ways. The model described above and a companion evaluative model of engagement [19] guide this work, with PCORI's evaluation framework providing substantial direction (http://www.pcori.org/blog/ evaluating-the-pcori-way-building-our-evaluation-frame work/). Below we describe some of the work underway.
To understand the public's attitudes toward CER and engagement in research, patients with chronic health conditions, patients with rare diseases, and primary care clinicians including physicians, physician assistants, and nurses were recruited from an opt-in set of online panels. Full details of the survey are reported elsewhere [20, 21] . Of interest was the extremely limited familiarity among patients and clinicians of engaged research, patients, and other stakeholders working as partners in clinical research. Once provided with a definition of engaged research, both groups expressed interest in participating in this type of health research. Also of note, in this sample, few primary care clinicians were familiar with the term CER but once provided with a definition they endorsed the value of CER to clinical treatment decision making. Additional survey data are being collected now from broader samples of patients, clinicians, and researchers to further inform PCORI work.
Learning about engagement from awardees
The first PCORI funding awards were announced in May 2012 when PCORI-funded 50 pilot projects to advance patient-centered outcomes research methods. Early in the projects, PCORI asked awardees to answer questions about their engagement with patients and other stakeholders in their projects; 47 (94 %) of the 50 awardees responded. Questions addressed types of stakeholders engaged, the stages and levels of engagement, an assessment of facilitators of and challenges to engaged research, and contributions of engaged stakeholders.
The majority of responding awardees (83 %) reported having engaged at least one patient or other stakeholder in the research by the time they completed the data collection tool; among those projects, respondents most commonly reported engaging patients/consumers (90 %), and clinicians (87 %). Engagement of clinic or health system representatives was reported by 44 %.
Awardees provided substantial free text responses, adding detail to the closed-ended questions. The main themes regarding initial contributions to the research projects from engaged stakeholders include changes to project methods, outcomes or goals, modifications to interventions, improvement of measurement tools and data collection methods, and interpretation of qualitative data. As one investigator noted, ''I can say with confidence that our project (the methods and even the project goals) have evolved, in some cases dramatically, based on our collaborations with stakeholders.'' Another respondent commented on the importance of genuine relationships: ''participation was enhanced because they quickly realized that their role was not symbolic in nature but was integral to the project's development in many ways.'' Learnings about engagement and the perceived impact of engagement, from both researchers and stakeholder partners, will be collected at the end of these projects. Data collection about engagement for the rest of PCORI's awardees, including both the researchers and stakeholder partners, is underway.
Learning from engagement events
Since its inception, PCORI has held workshops across the nation to facilitate partnerships and to address the interests of patients, patient advocacy groups, and other healthcare stakeholders. PCORI surveys participants at the conclusion of each workshop event and then again 6 months later, asking specifically about further development of PCOR capabilities among attendees. To date, nearly 200 event participants have responded to the 6-month follow-up survey with a 42 % response rate. Of those respondents, over 86 % indicated that they had done something new to conduct, promote, or use patient-centered research after attending the PCORI event, including educating others, engaging patients in new ways in research initiatives, creating or joining a council to promote PCOR, and forming or joining a new research team or project using patient-centered approaches. A quarter of respondents indicated that they acted as a primary or co-investigator on a PCORI application. PCORI continues to track links between outreach events and subsequent PCOR activities.
Advisory panel on patient engagement
PCORI is committed to integrating the patient and stakeholder perspective throughout its work. The legislatively mandated Advisory Panels include patients and other stakeholders, and an additional Advisory Panel was convened, the Advisory Panel on Patient Engagement, to ensure the highest patient engagement standards and a culture of patient-centeredness in all aspects of PCORI's work and the research that we fund. The panel advises PCORI on programmatic initiatives, organizational evaluation strategies, and interdepartmental programs. As noted above, this Panel advised PCORI on the development of a conceptual model for PCOR [22] and provided recommendations to PCORI on the development of an organizational evaluation framework (see also (http://www.pcori. org/blog/evaluating-the-pcori-way-building-our-evaluationframework/).
Engagement in merit review
While individuals who may not have specific research methods training are not usually part of funding application review, PCORI recognizes the value of inclusion of perspectives of end users of research as the research applications are evaluated and includes patients and other stakeholders along with scientists in the review of funding applications. Scientist reviewers are required to score applications for all five of PCORI's merit review criteria. Other reviewers are required to score three of those criteria.
In recognition of the newness of this type of stakeholder engagement, and to support high-quality reviews by those new to research application evaluation, PCORI has created a reviewer mentor program, in which each patient and other stakeholder reviewer is paired with a mentor experienced with PCORI merit review. The mentor provides ad hoc support, helping to explain PCORI's criteria and how to apply them to application evaluation, and provides early guidance on application critiques.
PCORI analyzes use of merit review criteria by reviewer type and examines score changes before and after the reviewer group discussion of applications, as one way to quantify the impact of combining different perspectives in merit review. An analysis of merit review scoring data from the initial PCORI funding cycle demonstrated convergence of scores between researchers and other stakeholder reviewers, from pre-panel scores provided independently by application reviewers to scores entered following the in person-panel discussion [23] . Patient and other stakeholder scores changed more than did scientist reviewer scores from pre-to post-panel. Examination of scores from each cycle continues.
Engagement rubric
PCORI has developed an Engagement Rubric as a tool to guide researchers in engaging patients and stakeholders in research and to highlight promising models of meaningful engagement. The Rubric includes the six principles of engagement in PCOR represented in the conceptual model: reciprocal relationships, co-learning, partnership, trust, transparency, and honesty [9, 24] . The Rubric is not intended to be comprehensive, prescriptive, or final. Instead, it provides a foundation for describing engagement and ultimately evaluating the impact of engagement.
Supporting engagement through capacity building
One of PCORI's strategic goals is to enhance the capabilities for conducting PCOR among patients, clinicians, researchers, and other stakeholders. To help overcome barriers to research engagement, PCORI offers ''Pipeline to Proposal'' awards, to help recipients build relationships with other individuals and groups interested in their health issue or topic of concern, create a strategy and tools to connect to potential research partners, and to develop governance structures and strategic plans for their budding communities around a research topic. These awards are intended to develop communities capable of identifying and refining a comparative effectiveness research question.
The PCORI Ambassador Program is another initiative supporting PCORI's strategic goal of enhancing capabilities for conducting PCOR. The Ambassador initiative equips, trains, connects, and mobilizes patients, organizations, and other stakeholders to share PCORI's vision and mission and PCOR principles with their respective communities, participate as full partners in research, and help ensure the sharing and use of information generated from PCORI-funded projects. As of October 1, 2014, PCORI has trained 82 Ambassadors across a variety of stakeholder communities, including: patients and caregivers, patient and caregiver advocates, researchers, clinicians, representatives from hospitals and health systems, purchasers, payers, industry, and policy makers. Ambassadors represent states from every region of the USA. The long-term goal is to have Ambassadors from every community across the healthcare system in every state, extending the reach of our engagement efforts and expanding knowledge about and participation in PCOR across the country.
Infrastructure building and engagement: PCORnet
The National Patient-Centered Clinical Research Network, also known as PCORnet, was created by PCORI to improve the nation's capacity to conduct comparative effectiveness research. This national resource aims to create a highly representative, interoperable, highly efficient ''network of networks'' that combines both electronic health records and patient-generated data to capture the full patient experience. In December 2013, PCORI-funded 29 network partners, 11 Clinical Data Research Networks (CDRNs; see Table 1 ) and 18 Patient-Powered Research Networks (PPRNs; see Table 2 ). CDRNs are health system-based networks, such as networks of academic medical centers, hospitals and physician practices. The PPRNs are a unique aspect of PCORnet, networks led and operated by patients, advocacy organizations, and clinical research partners who are interested in moving the research agenda forward for a specific medical condition. The heterogeneity of the 29 networks, and their complementary strengths, will provide a rich national resource for future comparative effectiveness research [25] .
In addition to its size and scope, PCORnet is unique in its emphasis on engagement, specifically broader participation of all key stakeholders including patients, clinicians, health systems leaders, and payers. Patients have substantive roles in designing and planning of the infrastructure including the governance and use of the data, defining the research questions and identifying optimal ways of disseminating results. With increased stakeholder input into the network building capacity, PCORnet has the potential to support research questions that are more meaningful and relevant to patients.
Because of the diversity and size of the networks, PCORnet offers a unique opportunity to observe a wide range of engagement practices in network capacity building. At the end of the 18-month funding period, PCORI will have collected a large body of evidence on patient and stakeholder engagement in infrastructure development that will inform our current understanding of engagement challenges and promising practices. PCORI also funds quantitative and qualitative data on the impact of engagement on research, including the value of patient-recommended outcomes for advancing knowledge of research topics, the speed of dissemination of research results, and the speed and comprehensiveness of uptake of relevant research findings into clinical practice. One awardee group 3 is examining whether Community Review Boards (CRBs) represent an effective method of obtaining patient stakeholder input and whether CRB input results in research that is more patient-centered. Another project 4 is assessing the impact of patient and stakeholder engagement on the development of patient decision aids.
In funding such research, PCORI recognizes the imperative for building an empiric evidence base for its engagement activities. This includes funding not only research on ''how'' to do engagement, but funding research that rigorously evaluates the impact of engagement on research design, conduct, analysis, and dissemination.
Conclusion
PCORI requires engagement of patients or other healthcare stakeholders in the patient-centered CER it funds but engaging stakeholders in the work of PCORI extends far beyond the funded research. Patients and other stakeholders join scientists in evaluation of funding applications; they formally advise PCORI activities through the Advisory Panels; they are the focus of capacity building in the ''Pipeline to Proposal'' awards; and they are an integral part of PCORnet, the large national initiative to build CER infrastructure.
The conceptual model of PCOR presented here is intended to identify required elements for PCOR, provide a way to describe patient-centeredness in research, and provides a basis for evaluating the quality of engagement in patient-centered research. While growing interest in research engagement has led to engagement-specific frameworks and definitions, no single conceptual model has yet connected enabling elements to specific researchrelated actions and to intended research outcomes. The link between PCOR and improved health decisions and health outcomes is assumed but has yet to be tested. The model presented here can aid with future empirical evaluations of the link between elements of PCOR and the ultimate goals of PCOR.
As the evidence on impacts of engagement in research accumulates, PCORI will continue its model of evaluating not only the research it funds but also engagement in research prioritization, merit review, and infrastructure building. Through evaluation activities as well as through research funding PCORI continues to add to the evidence base on engagement in research.
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